).
(A.5)
The lower subscript Δ represents the time delay, e.g., xΔ(t) = x(t − Δ). For each joint, elastic and viscosity coefficients are denoted by Kj and Bj, respectively, for j = {a, h}. Pj and Dj are the proportional and derivative gains of the active neural feedback controller. Kj and Pj are defined by the total mass m of the double pendulum and the distance between the ankle joint to the center of mass position of the double pendulum under a fully extended hip joint condition, as follows.
where kj and pj are non-dimensional parameters, Kj and Pj.
Appendix B: Posture estimation of the upper body and lower limbs
In this study, lengths and postures of the upper body and lower extremities were estimated from the markers attached to the characteristic points on a subject's body using the following method.
According to Winter et al. 1998 , we considered the human body as a twelve-link system trunk-4, head, l-thigh, r-thigh, l-lower-leg, r-lower-leg, l-foot, r-foot}, with n being the discrete times from the spatiotemporal information of the markers. It should be noted that, in this study, the upper extremities were included in the trunk, and their spatial configuration was not considered. Marker information used for calculating the CoM position of each body segment is shown in Table 3 . 
Estimation of lengths of the upper body and lower extremities.
The position of the ankle joint (pankle[n]) was estimated as the midpoint of two markers attached to the left and right external malleolus (l/r-Ankle). The position of the hip joint (phip[n]) was estimated as the midpoint of two markers attached to the left and right great trochanters (l/r-Hip). The length of the lower extremities (lL) was calculated by performing a time average of the distance between the ankle and hip joints.
Here, N represents the total number of data. The length of the upper body (lHAT) was calculated by subtracting the length of the lower extremities from the height of the subject.
Posture estimation of the lower extremities
The of the lower leg and that of the thigh.
where, mlower-leg and mthigh represent the masses of the lower legs and thighs, respectively (See Table   B .6 for details). We defined the inclination angle of the line connecting the ankle joint and the CoM of the lower extremities from the vertical line as the posture of the lower extremity unit (L[n]).
Estimation of hip joint position with the double inverted pendulum model

Time variations of the hip joint position (phip[n] = (xhip[n], ỹhip[n]))
were estimated using the length and posture of the lower extremities as follows. where mhead, mtrunk-1, mtrunk-2, mtrunk-3, mtrunk-4, and mpelvis represent the masses of the head, trunk, and pelvis, respectively (See Table B .6 for details). We defined the inclination angle of the line connecting the hip joint and the CoM of the upper body from the vertical line as the posture of the upper body
(B.14) The equilibrium point of the double inverted pendulum model without active feedback control (offmodel) is saddle-type and unstable, and there is a one-dimensional unstable manifold and onedimensional stable manifold (both corresponding to the in-phase mode), and a two-dimensional stable manifold corresponding to the anti-phase mode in the four-dimensional state space. These manifolds cannot be represented accurately in the θa-θh and ωa-ωh planes. In this study, we visualized these manifolds in the θa-θh and ωa-ωh planes as follows.
Visualization of the one-dimensional manifold
Here, the eigenvector v1d that spans the one-dimensional manifold is denoted as follows.
For an arbitrary state point on the one-dimensional manifold, the ratio between the ankle joint angle θa and the hip joint angle θh always satisfies θa:θh = θa 1d :θh 1d , regardless of the values of the ankle joint angular velocity ωa and the hip joint angular velocity ωh. In the same way, for an arbitrary state point on the one-dimensional manifold, the ratio between the ankle joint angular velocity ωa and the hip joint angular velocity ωh always satisfies ωa:ωh = ωa 1d :ωh 1d , regardless of the values of the ankle joint angle θa and the hip joint angle θh. Therefore, the one-dimensional manifold as the straight line both on the θa-θh plane and the ωa-ωh plane can be visualized using the following equations.
Visualization of the two-dimensional manifold
Here, the eigenvectors v2d,a and v2d,b that span the two-dimensional manifold are denoted as follows.
Using real value parameters α and β, the two-dimensional manifold can be described as follows.
For a set of values of (ωa, ωh), α and β, which satisfy the equalities for the third and fourth elements in Eq. (C.5), are specified and then corresponding θa and θh values are determined according to the equalities for the first and second elements in Eq. (C.5) as follows.
That is, the coordinate point (Eq. (C.6)) on the θa-θh plane corresponds to one point on the twodimensional manifold with the set of values of (ωa, ωh) (See Fig. 3 ). In this paper, each ωa and ωh is set to either −0.03 (rad/sec) or 0.03 (rad/sec), i.e., the four vertices of the square on the ωa-ωh plane 
Appendix D: Analysis of the double inverted pendulum with continuous active feedback control
In this study, we analyzed the double inverted pendulum model with active feedback control (onmodel) using the same method used in the previous study (Suzuki et al. 2012) . The on-model is described by the delay differential equation, which includes time delay due to signal processing (Eq.
(8)). Here, we consider a solution of Eq. (8) described as follows. an infinite number of roots, we selected and used four dominant solutions, which have the largest values in their real parts, for analysis. If all real parts of λ are negative, then the equilibrium of the onmodel is determined as stable. Alternatively, if λ has a positive real part, then the equilibrium is determined as unstable. For each λ, the dynamic mode is determined by using the corresponding eigenvector. We selected λ corresponding to the anti-phase mode, and calculated the eigenfrequency of the anti-phase mode from the imaginary part of λ.
